Purpose: Infantile spasms (IS) can occur as the only seizure type in children with surgically amenable epilepsies. Although early surgery has shown positive effects, little is known regarding outcomes. Methods: We retrospectively reviewed all children with IS referred to our tertiary center between 2002 and 2014 and try to define factors of outcome. Results: Sixty-eight children with focal onset seizures were referred: twenty children with a hemispheric implication and 48 with one or more lobes involved. The age of onset was significantly earlier in the hemispheric population (8.0 versus 16.7 months in the focal population). There was no difference in the age of onset between anterior and posterior onset zones, as we could expect regarding the maturation gradient. The epilepsy began earlier in life in tuberous sclerosis than in DNET. Only three children of the 48 non-hemispheric patients had a normal MRI at the time of the surgery. Temporal lobe was involved only in a third of the population. More than 86% of the patients were operated on. Patients with hemispheric lesions were operated on younger (2.6 years +/À 2.1 years) compared to 4.6 +/À 3.5 years in the whole population. The most frequent etiologies were in descending order: dysplasia, ganglioglioma or dysembryoplastic tumours and tuberous sclerosis. The global seizure outcome was favorable (Engel 1a) in 74.6% of the patients, and 87.9% if the delay between the first seizure and the surgery was less than 36 months. It fell to 64.7% if the delay exceeded 50 months. Conclusion: Spasms of focal onset have a similar postsurgical outcome as other seizure types so surgery may be an excellent option for treating selected patients with focal infantile spasms. Volume and type but not topography of the lesion influence the age of onset. MRI is very helpful to locate the pathology in the pediatric population, since only a small portion had a normal MRI.
Introduction
Infantile spasms (IS) are defined as brief axial contraction, lasting less than two seconds, recurring in short clusters [1] ; they can be considered as focal or generalized seizures [2] . The onset is often in infancy but sometimes later in life. They are often associated with severe encephalopathy and hypsarrythmia (West syndrome) but do not necessarily indicate generalized epilepsy since they can occur as the only seizure type in surgically curable focal and hemispheric epilepsies [3, 4, 5] or be associated with other types of partial seizures [6, 7] . These patients must be considered as potential candidates for epilepsy surgery, particularly when MRI exhibits unilateral focal abnormalities. A presurgical evaluation is required with clinical and neurological data, imaging, EEG, and discussion with a multidisciplinary pediatric team to decide upon the appropriate surgical strategy among a variety of options [8, 9, 10] . Surgical treatment may lead to seizure remission and neurocognitive improvement [10, 11] . IS are often considered as a factor of bad development and poor post-operative outcome, even if little is known about their physiopathology and about the factors influencing the outcome. We tried to define factors of outcome in a population of focal IS referred for pre-operative evaluation. As defined by EEG, spasms with focal onset, hereinafter referred to as "focal spasms", are opposed to multifocal and generalized onset spasms.
Methods
The aim of this study was to describe the population of children with refractory focal spasms referred to our epilepsy surgery unit and to define factors of outcome regarding the age of onset, the age of surgery, the topography of the lesion, and the type of pathology.
Children with IS referred to the Department of Pediatric Neurosurgery, Rothschild Foundation Hospital, were recruited between 2002 and 2014. We included every children with IS as described above, with an interictal focus on the EEG, hypsarrythmia was not mandatory. Pre-operative evaluations included interictal and ictal videoelectroencephalography (EEG), magnetic resonance imaging (MRI), 18F-fluorodeoxyglucose positron emission tomography (FDG-PET). When data obtained at this stage was insufficient to define a surgical scheme, Stereo-electroencephalography (SEEG) was decided by a trained multidisciplinary team (pediatric neurosurgeons, child epileptologists, neuroradiologists and neurophysiologists). The electrode implantation scheme was validated during our weekly case conference, and the results of the SEEG recordings were discussed, during our multidisciplinary staff conference, in order to decide on a tailored resection. SEEG was performed with DIXI 1 or ALCIS 1 electrodes as described by
Taussig et al. [12, 13] , and analyzed by a trained neurophysiologist. Post-operative seizure control was assessed using Engel classification [Engel, 1993] . Pre-and post-operative developmental quotients were evaluated using a scale adapted to age and mental retardation (Vineland scale, Achenbach scale, Connors scale, Brunet-Lezine, WIPPSI and WISC). Medical records were retrospectively reviewed for age at onset of seizures, age at surgery, seizure types, and pre and post-surgical outcomes for both seizures and development. Video-EEG and SEEG recordings were independently reviewed by two different neurophysiologists. Qualitative variables and quantitative variables were presented as number of patients (%) and mean AE standard deviation (minimum-maximum), respectively. Univariate analysis was conducted to explore predictors of surgery success defined using Engel classification. Pearson's chi-square tests or Fisher non-parametric tests were used to compare categorical variables. Mann-Whitney tests or Kruskal-Wallis tests were used to analyze quantitative variables between groups. P-values of less than 0.05 on tow-tailed tests were considered as statistically significant. Statistical analysis was performed using R software version 3.3.2.
Results
Between 2002 and 2014, 99 children with refractory IS were referred to our center (Fig. 1) .
Among them, 31 were considered bilateral multifocal with an EEG compatible with Lennox-Gastaut syndrome or epileptic encephalopathies. For the purpose of this study, we analyzed the remaining 68 children, considered as monofocal regarding the EEG and MRI: 20 were hemispheric and 48 children were more focal, concerning one or more lobes ( Table 1 ). The hemispheric onset group was defined as page8 DNET: dysembryoplastic neuroepithelial tumor; ANET: angiocentric neuroepithelial tumor; Mild mental retardation defined as IQ = 55-75, Moderate mental retardation defined as IQ = 35-55; Severe mental retardation defined as IQ < 35, HH: hypothalamic hamartoma, TSC: tuberous sclerosis complex
Clinical data
The mean age of epilepsy onset was 14.1 +/À 17.7 months (from the first week of life to 72 months) (Fig. 2) . The onset was during neonatal period for 14.9% of the children, between 1 months and 1 year for 44.7% and after 12 months for 40.3%. The age of onset was statistically earlier in the hemispheric group compared to the posterior temporo-occipital or frontal patients (respectively Fig. 1 . Scheme of the described population. p = 0.023 and p = 0.007) (8.0 +/À15.9 months (from the first week of life to 64 months) versus 16.7 +/À18.2 months (from birth to 72 months) in the focal group. The onset was before 12 months in 77.8% of the patients in the hemispheric group versus 52.1% in the focal group. There was no statistical difference of the age of onset between frontal and temporo-occipital onset zones. Nor was there any statistical difference regarding the type of lesion. In our patients with tuberous sclerosis (TSC), the epilepsy began earlier in life than in those with a DNET (p = 0.01).
Spasms were associated with focal-onset seizures in 85.3% of the patients (n = 58/68), and spasms were isolated in 10/68 patients. Seizures associated with spasms were all focal seizures without generalization. The description of seizures depends on the cortical lobe involved and differ for each child. Spasms and other focal seizures could occur either independently or focal seizures could follow spasms or precede them and were frequently misdiagnosed. In the focal group, spasms were asymmetric only in 56.2% of patients versus 100% in the hemispheric group.
EEG data
In 10 patients (14.7%), the EEG showed no physiological activity without the proper criteria for hypsarhythmia. The other patients had normal background activity, with or without slow waves (Fig. 3) . One or more interictal or ictal foci were found in all patients, being localized or hemispheric.
In 44/68 cases (65%), data obtained with scalp EEG, MRI and PETscan were insufficient to define a surgical scheme and invasive EEG recording was deemed necessary (Fig. 3) . Invasive procedures included three foramen ovale recordings, three subdural grid recordings (always combined with several depth electrodes) and 38 SEEG. The mean age at the procedure was 5.5 +/À 3.5 years (6 months-15 years). SEEG implantation scheme was unilateral for all patients. The implantation of the motor and premotor cortex was not systematic, decided if data from scalp EEG, MRI or PETscan pointed this area out. As shown in Fig. 3 , the slow wave of the ictal pattern is often diffuse but rapid rhythm discharges were often more focal and, combined with interictal focus, define the limits of extension and type of surgical procedure.
Following invasive exploration, one child underwent hemispherotomy while the 43 others concerned more focal epilepsies. In one case, invasive exploration was refused by the parents, in another it was cancelled because seizures were medically controlled, and in one child it was contraindicated because of a hemostatic disorder. In the isolated spasms group, 4 children had an invasive EEG, including three SEEG and one foramen ovale. The implantation scheme was similar with or without focal seizures associated with spasms, focusing on scalp EEG, MRI and PET data. For our reflection, we considered that infantile spasms were focal seizures.
MRI data
A lesion on MRI was always present in the hemispheric group, and in 45/48 of the patients in the focal group, after MRI was reviewed by one of our senior neuroradiologists and neurosurgeons. Only three of the 68 patients (4.4%) had a normal MRI, and in two of them FDG-PET revealed hypometabolic cortical regions. Their post-operative outcome was Engel 2. The third patient with normal MRI was not examined with FDG-PET because the parents refused to pursue the way to surgery. In all, 54.2% of the patients had a FDG-PET that was either correlated with the MRI lesion or normal but never discordant with the MRI. In the focal group, the topography was frontal (56.2%), temporal (31.2%), parietal (18.8%), occipital (14.6%) and insular (8.3%) (Fig. 4) . Four patients had an insular involvement. The laterality of the epilepsy onset was equally right or left.
3.4. Surgical data 3.4.1. General population 60/68 children (88.2%) were operated on, 91.5% before the age of 10 years, and 67.8% before the age of 5 years (Table 1 ). The mean age at surgery was 4.6 +/À 3.5 years (3 months-16 years) (Fig. 5) . Delay between the onset of seizures and the surgery was 2.2 years +/À 1.9 years (3 months to 5.25 years). The delay was significantly shorter than for the focal onset group (p = 0.04). Children with hemispheric lesions were referred to us at a younger age than those in the focal group (p = 0.03).
Focal group
In the focal group, surgeries consisted of 5 lesionectomies (12.8%), 27 lesionectomies with additional cortical ictal onset zone (69.2%), and 7 cortical disconnections when the volume of the resection was too big to allow a whole resection. The disconnections were frontal (n = 5) or posterior quadrant disconnections (n = 2). Two other children underwent an endoscopic disconnection of a hypothalamic hamartoma. Surgical resection was not indicated in 8 children, (12.5%), three of them after scalp EEG showing multiple foci, four others after the results of the invasive EEG, and one because his epilepsy became controlled by AEDs. Focal resection was performed at a mean age of 5.5 +/À 3.6 years (0.5-16 years). Delay between the onset of seizures and focal surgery was 3.7 years +/À 2.8 years (5 months to 14.2 years). Children with isolated IS were younger when they were referred to our center than children with spasms and partial onset seizures (p = 0.019), and they were referred sooner after the first seizure (p = 0.04). In the same way, children with type2 FCD were referred younger than those with DNET (p = 0.04).
Hemispheric group
All but one child (lost to follow-up in the pre-surgical phase) were operated on, using the same technique of hemispheric disconnection [14] . Hemispherotomy was performed at a mean age of 2.6 years +/À 2.1 years (3 months-7.7 years). One child was operated on at 16 years-of-age because the parents refused when she was an infant. The epileptic outcome was classified using the Engel classification.
Isolated spasms
Over the 10 patients with isolated infantile spasms, 9 were operated on. In one patient, surgery was not indicated because of epilepsy of multifocal onset. Four children had a lesionectomy with additional cortical ictal onset zone, two children had a cortical disconnection (one frontal and one posterior quadrant disconnections). Three more patients had an hemispherotomy.
Outcome
The mean follow-up was 7.2 +/À 4.0 years (3-17 years). The outcome was Engel 1a for 74.6% of the patients (70% in the focal group and 83.3% in the hemispherotomy group), Engel 2 for 8.5%, Fig. 4 . Topography of the lesion (more than one lobe can be involved). Engel 3 for 13.6% and Engel 4 for 3.4% of the patients. The rate reached 87.9% if the delay between the first seizure and the surgery was less than 36 months, and fell to 64.7% if the delay exceeded 50 months (p > 0.05).
We could not find any statistical link between the outcome and the following criteria: age of onset, delay for surgery, type of lesion, topography ( Table 2 ). The presence of focal seizures associated with spasms did not change the outcome, as 70% of the children with isolated focal infantile spasms were Engel 1.
Histological data
The etiology could be determined in 37 of the 41 patients in the focal group who underwent surgery. For these 37 children, the pathological exam found 23 FCD (62.2%), 7 ganglioglioma/ dysembryoplastic neuroepithelial tumours (DNET) (18.9%), associated with FCD in three patients, 6 TSC (16.2%), 2 HH, 1 herpetic encephalitis and 1 angiocentric neuroepithelial tumor (ANET). Among the 23 FCD, we found 11 FCD type 1 (47.8%), 6 FCD type 2b (26.1%) and 1 type 2a, and 2 type 3. In 1 case, the pathological exam reported gliosis, and in another case, neuroserpin overload. One child underwent cortical disconnection which did not allowed to type the dysplasia because the cortex removed was too small and damaged. Moreover, another child who was not operated on (the parents refused the surgery), had antenatal ischemic lesions. In three cases, the pathological exam was normal and the seizureoutcome of these patients was Engel 1a, 2 and 3, respectively. In the hemispheric group, because of the disconnective hemispherotomy technique, pathological exam was not possible in 3/19 children. Lesions were classified as 4 extensive FCD (25%), 6 hemimegalencephaly (37.5%), including one associated with Ito syndrome, 4 ischemic perinatal lesions (25%), 1 DNET, 1 polymicrogyria.
In the isolated spasms group (n = 10), 40% had a cortical dysplasia, all type 1, 30% had a hemimegalencephaly, one had a DNET, one had herpetic encephalitis and one histological analysis did not reveal any pathology.
Cognitive data
Before surgery, only 6/68 children had a normal development and three children were not evaluated. 89.1% patients had a mental retardation: 28.8% mild (defined as IQ = 55-75), 28.8% moderate (defined as IQ = 35-55) and 42.4% severe mental retardation (defined as IQ < 35). The cognitive development before surgery was not different in children with hemispheric extension as compared to those with focal onset, but it could be overestimated regarding the difficulties to properly evaluate children under 12 months. After surgery, half of the patients were evaluated and among them, 10 children showed a normal developmental score. Among them, 4 had been found to be mentally retarded before surgery. 78.3% still had a mental retardation: 11.1% mild, 61.1% moderate and 27.8% severe. Attention deficit and slowness were frequently reported.
Discussion
Several observations are clear from our study: first, infantile focal spasms have the same post-surgical outcome as other seizure types. Second, we identified different factors that influence the age of onset of IS. Third, MRI is more helpful in children than in adults for pointing out the potential epileptic zone, since normal MRI is rare (<5%) in our pediatric population. And finally, the sooner the surgery is undertaken, the better the seizure outcome seems to be. Finally, the most frequent etiology in surgically amenable IS is focal cortical dysplasia, in accordance with the literature. FCD was responsible for the epilepsy in 62.2% of the cases in the focal group and 77.7% in the hemispheric group (including HME), compared to 32.3-73.5% reported in the literature [15] [16] [17] [18] .
Focal spasms have a similar postsurgical outcome as other seizure types
The global seizure-outcome for our population was Engel 1 for 74.6% (70% for the focal resection group and 83.3% for the hemispherotomy group). These results are in line with the 57-80% reported in the published series concerning children with or without infantile spasms [13, [15] [16] [17] [18] [19] [20] [21] [22] . The seizure outcome for our population with infantile spasms is similar to the outcome for our global population, 67-81% of the patients were seizure-free (Engel 1a), with 67% after focal cortical resection [13] and 81% following hemispherotomy (personal data, n = 238). We can therefore conclude that children with infantile spasms with an underlying focal onset have a comparable prognosis following surgery as children with other focal epilepsies and should therefore not be precluded from a presurgical work-up.
The high percentage of children who underwent invasive EEG monitoring (65%) can be explain 1/by the brief and bilateral nature of the seizures, which did not allowed electroclinical correlation in many cases, and 2/by the impossibility for many children because of their young age oe because of mental retardation, to properly describe the symptoms, and 3/by the great size of the malformations seen on MRI, which made the surgical mapping difficult.
Factors influencing the age of onset
The age of onset was significantly earlier in the hemispheric population, showing that the lesion volume is an important factor for early onset, which in turn can be associated with a poor developmental outcome. Furthermore, the type of the lesion plays a determining role in unmasking the epilepsy, as seizures associated with tuberous sclerosis begin earlier in life than with glioneural tumours, such as DNET. Seizures in children with DNET seem also to start later in life than those with FCD (seizure-onset in Table 2 Comparison of patients with good and bad outcome after surgery.
Engel1
Engel 3/4
Number of patients our series 32.2 versus 11.1 months), but it remained below the level of significance, maybe because the groups were too small. We found that hemimegalencephaly did not begin earlier compared to other hemispheric etiologies as did Chugani-et al in 2015. Thus, the less favorable underlying pathology for a child is a hemispheric dysplasia, particularly, if due to tuberous sclerosis. In contrast, we were surprised not to find any difference in age of seizure-onset between children with frontal versus temporo-occipital epileptogenic zones. Regarding that the maturation gradient begin early in age in the posterior parts of the cortex, to walk to the anterior part later in age, we could expect that epileptic discharges could be influence by this gradient. The maturation gradient takes into account the relative excess of excitative over inhibitive synapses in the cortical network [23] [24] [25] , the variations of activity with age [24] . But cortical lesions and in particular dysplasia seem independent toward the maturation of normal environmental cortex. One hypothesis is that posterior epileptic zones begin early in age, in parallel to the maturation. Surprisingly, we do not corroborate the influence of the maturative gradient on the age of seizure-onset [24] .
Impact of the MRI
Previous studies report that surgical outcome is poor for patients with focal epilepsy and normal MRI, but these conclusions were often based on limited numbers of patients [15, 26] . The presence of a lesion on MRI has been shown to be independently associated with an excellent outcome [15] but did not significantly affect seizure outcome in other studies [27] . We did not find a correlation between presence of a lesion and outcome, probably because our normal-MRI group was too small. During the preoperative course, all MRI were reexamined by experienced neuroradiologists and senior pediatric neurosurgeons and, in the end, the MRI in less than 7% of the children were considered as normal, a ratio comparable to other published series [3, 28] . Despite the presence of a lesion, the limits were ill-defined in the majority of our cases and/or eloquent cortex seemed to be involved. Thus, invasive EEG recording and, when indicated, cortical mapping as well, was deemed necessary in 44 of the 48 children with a focal onset. And at the end of the exploration, 69.2% of the patients had a cortical resection exceeding the MRI lesion, confirming the usefulness of the invasive monitoring.
The proportion of MRI-negative patients in reported epilepsy surgery cohorts ranges from 16 to 47% [3, [27] [28] [29] . It appears to be higher in adult than in pediatric series, the latter reporting one third of their cases [30, 31] . Despite the well-known difficulties in searching for lesions on MRI in infants between 6 months and about two years-of-age for reasons of alterations in process of myelination [28] , particularly in subtle cortical-subcortical dysplastic lesions, larger and hemispheric lesions remain visible. The higher rate of MRI lesions in the pediatric population should facilitate the diagnosis and the decision for referral to a comprehensive pediatric epilepsy surgery center. We have also to take into account a possible bias in our selected population: some children with normal MRI may not be referred to surgical unit, as they aren't recognized as potential surgical candidates.
Impact of an early surgical treatment
One series reported that shorter duration of epilepsy was independently associated with a class I outcome (main etiologies were 21 malformations of cortical development, 12 strokes, 4 chromosomal abnormalities 2 neurocutaneous syndromes) [15] . Of their 34 patients operated on less than three years following seizure onset, 30 (88%) achieved class I outcome. Our rate reached 87.9% if the delay between the first seizure and the surgery was less than 36 months, and fell to 64.7% if the delay exceeded 50 months. Thus, a shorter duration of epilepsy seems to be associated with better post-surgery outcome in our series as well, but it could not reach the level of significance. Our population could be too small, but it is the largest series in the literature, or it could be mixed with other factors as the age of onset, the type of surgery or the type of lesion. Moreover, the precocity of surgical intervention has been correlated with neuropsychological improvement in some series [14, 11, 32] . When comparing children with and without IS, Jonas et al. concluded that following surgery, both improved equally [11] . In our series, 89.1% of the patients had mental retardation before surgery and 78.3% were still mentally impaired at the end of the postoperative follow-up. Unfortunately the huge developmental differences do not allow to give clear-cut data about neuropsychological presurgical pattern or post-operative evolution. In our series, 89.1% of the patients had mental retardation before surgery and 78.3% were still mentally impaired at the end of the postoperative follow-up. In 4 of our patients, surgery significantly improved the cognitive disabilities. More studies are needed to compare the extent of improvement in cognitive, behavioral and autistic domains.
Finally, we were surprised that children with isolated IS were referred to our institution at a significantly younger age than patients with combined IS and partial onset seizures, and they were referred sooner after the first seizure. But this observation might be related with a recruitment bias since we represent a tertiary care center receiving the most difficult cases.
Conclusion
Refractory spasms of focal onset should lead to rapid surgical evaluation, as they have a similar postsurgical outcome as other seizure types. Factors that seem to influence their onset are the volume and the histological type of the lesion, but not its anatomical localization. MRI is very helpful to locate the pathology underlying this seizure type in the pediatric population, since only a very small portion had a normal MRI (6%) in our selected population, as compared to an adult population. Tailored epilepsy surgery and hemispherotomy are both excellent options for treating selected patients with infantile spasms due to focal cortical lesions. The outcome is comparable to other focal seizure types, and motor and cognitive development may be also improve after surgery. Thus, a presurgical work-up should be considered in children with refractory infantile spasms associated with focal elements, considering their poor long-term prognosis. Multicentric studies are needed to confirm the good post-surgical epileptic and cognitive outcome and to confirm the lack of influence of associated focal seizures on the prognosis.
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